Abstract: White prairie clover [Dalea candida (Michx.) Willd.] is native to the dry prairies and hillsides of the Northern Great Plains. A study was initiated in 2012 with six white prairie clover populations collected from the Canadian Prairies. Plant growth characteristics, forage biomass, seed yield, and forage nutritive values were evaluated using a randomized complete block design in a field near Swift Current, SK. Three populations from Argyle, Carlowrie, and Big Grass Marsh (NCP588) in Manitoba displayed erect-type growth while those from Douglas Provincial Park and Stewart Valley in Saskatchewan and Writing on Stone Provincial Park in Alberta exhibited prostrate growth. The populations did not differ for mean biomass yield (79-104 g plant −1 , p = 0.54) and mean seed yield (6.6-9.1 g plant −1 , p = 0.69); however, they differed for bloom stage nutritional parameters such as acid detergent fibre (25%-30%, p = 0.04), neutral detergent fibre (34%-41%, p < 0.01), crude proteins (15%-18%, p < 0.01), phosphorus (0.24%-0.29%, p = 0.02), and iron content (144-360 ppm, p = 0.01). To our knowledge, this is the first report of comparative phenotypic, nutritional, and propagation study of native white prairie clover populations of Canada. The constraints and opportunities for successful domestication of white prairie clover as a forage crop are discussed.
Introduction
Canadian rangelands harbour a large repository of native plant genetic resources, many of which are utilized as forages for livestock (Reid and Mosseler 1995; Bailey et al. 2010) . Changing social values and increasing ecological knowledge have engendered growing interest in native plant species for pasture, energy crop production, and land reclamation, as well as rangeland revegetation (Jefferson et al. 2004 (Jefferson et al. , 2005 Schellenberg et al. 2013) . Native plant genetic resources offer an opportunity to develop functionally diverse and resilient production systems (Elmqvist et al. 2003; Sanderson et al. 2004) . A systematic procedure for expanded use of native species has been elucidated (Smith and Whalley 2002) , along with a restoration gene pool concept for utilizing native and nonnative plant diversity (Booth and Jones 2001; Jones 2003; Jones and Monaco 2007) . In Canada, an initiative for promoting native forage species has been taken through the ecovar™ (ecological variety) development program since the early 1990s (May et al. 1997) . This work has continued as an Agriculture and Agri-Food Canada (AAFC) directed program, now concentrated at the AAFC Swift Current Research and Development Centre (SCRDC), which has expanded to include white prairie clover.
White prairie clover is a perennial legume native to North America (Barneby 1977; Budd et al. 1979 ; United States Department of Agriculture 2015). It is a diploid (2n = 2x = 14), cross-pollinating species, pollinated by various wasps and bumble bees (Wynia 2008) . It produces palatable browse for livestock and wildlife (Wynia 2008) and fixes atmospheric nitrogen, thereby contributing to rangeland productivity. The concentration of crude protein (CP) and organic matter digestibility (OMD) of white prairie clover are comparable to the forage legume sainfoin (Onobrychis viciifolia Scop.) . Throughout the growing season, white prairie clover biomass contains a high concentration of condense tannins Li et al. 2014 ) that improves protein utilization in the digestive track and reduces the risk of pasture bloat in animals (McMahon et al. 2000) . In addition, condensed tannins are implicated to have antibacterial properties in the digestive tract of animals (Li et al. 2012; Liu et al. 2013a; Wang et al. 2013) .
The natural habitat of white prairie clover is characterized by the semi-arid prairies and rocky upland forests of North America with well drained sandy, gravelly to silty soils (Wynia 2008) , distributed across Ontario, Manitoba, Saskatchewan, and Alberta in Canada and northern states in the United States of America (USDA 2018) . It is a warm-season perennial species resuming its growth later than many cool-season grasses and forbs. Its growth habit is mainly adapted to short grass prairies and it may exist as a minor species in late seral grassland communities. Persistent overgrazing poses the threat of extirpation of this species from its natural habitat (Wynia 2008) .
In recent years, a number of studies have been conducted to understand white prairie clover seed germination (Molano-Flores et al. 2011; Schellenberg and Biligetu 2015) , rhizobial inoculant delivery (Beyhaut et al. 2014) , forage and seed yield (McGraw et al. 2004) , and forage nutritional quality (McGraw et al. 2004; Iwaasa et al. 2014; Li et al. 2014) . However, the majority of these studies focused on a single source of white prairie clover germplasm, 'Antelope', which was released in 2000 from the North Dakota and Montana Plant Materials Centers in the USA (Wynia 2008; DePue and Englert 2015) .
Canadian white prairie clover ecotypes, evolved in diverse habitats, need to be examined to determine if they possess ample variation to select for desirable genotypes with high forage yield, high seed yield, and persistence. This study was initiated in 2012 to collect and characterize white prairie clover populations from natural prairie habitats in western Canada. To our knowledge, this is the first report of comparative characterization of native Canadian populations of white prairie clover. The objectives of the study were to characterize agro-morphological and forage nutritive values of white prairie clover populations, and to evaluate the success of vegetative propagation as a tool for population improvement.
Materials and Methods

Plant material collection
Three populations (Carlowrie, Argyle, and Douglas) were collected from their natural habitats in 2012 while the seeds of three other populations [Big Grass Marsh (or NCP588) , Stewart Valley, Writing on Stone Provincial Park] were obtained from Plant Gene Resource of Canada. The geographic locations and site characteristics are shown in Table 1 .
Experimental design and environmental conditions
A space-planted field plot with the six populations of white prairie clover was established in 2012 at SCRDC using seedlings grown in the greenhouse. The experimental design was a randomized complete block with five replicates, with each plot containing five plants per population. The soil was an Orthic Brown Chernozem (Ayers et al. 1985) . Seeds were surface-sterilized by immersing in 95% ethanol for 30 s followed by 30 s in 3%-5% hydrogen peroxide (H 2 0 2 ) solution, and were then thoroughly rinsed with distilled water, and dried. The germinated seeds were transplanted into 7.6 cm × 7.6 cm pots containing the soil and horticultural potting mix and were grown for three and half months before transplanting to the field plot in late May 2012. Spacing between any two individual plants was 90 cm. Weeds were controlled mechanically as required. No fertilizer was applied during the study. Due to dry growth conditions coupled with higher temperatures in July and August of 2012, supplemental irrigation was applied to ensure successful stand establishment in the first year. Weather data for this study were obtained from the AAFC Real Time Weather Network (AAFC-RTWN). Mean monthly temperatures during the growing season (May to September) from 2012 to 2015 were similar to the long-term average (Fig. 1A) . Monthly precipitation fluctuated over the study years relative to the long-term average (Fig. 1B) . In terms of total seasonal precipitation, 2013 was a typical year relative to the long-term average, but the growing seasons in 2014 and 2015 received aboveaverage and below-average rainfalls, respectively.
Data collection
Each individual plant within a treatment was considered the experimental unit for data measurements and observations. Plant phenotypic and adaptation data such as plant height, canopy size, growth habit (erect vs prostrate), growth vigour, seed yield, biomass yield, and plant survival over the winter were collected from 2012 to 2015. For the year of establishment in 2012, only qualitative visual assessment of leaf and stem colouration, leaf shape and sizes, inflorescence characteristics, and growth habit were recorded for each population.
Agronomic parameters were evaluated on individual plants in the growing seasons of 2013 and 2014. Agronomic characteristics including plant height, canopy diameter, number of inflorescences, and plant vigour were measured in the field in early August, when plants were at the flowering to seed development stages. Plant height was measured as the vertical distance from the ground to the top of the stem with the natural canopy inclination. Canopy diameter was estimated as the mean of two perpendicular measurements of canopy spread. The number of stems and inflorescences were counted for individual plants. Final plant survival and growth vigour were assessed in 2015. Plant vigour was scored on a 1-6 scale (higher number denoting better vigour) through visual examination of plant size, robustness, and leafiness. The most vigorous plants were selected for polycross mating for population improvement. The selection pressure was calculated as the 
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number of selected plants divided by the total number of surviving plants and expressed as percentage by multiplying by 100. The selection differentials for biomass and seed yields were calculated as the average differences between the selected population and base population divided by the base population values, and expressed as percentage by multiplying by 100. Seeds were harvested manually from mature plants by stripping the seed mass off the inflorescences to minimize shattering loss. Seed maturity was determined by examining the colour change on the inflorescence pedicles, shattering of a part of inflorescence, and firmness of seeds. After the harvest of seed, individual plants were cut approximately 5 cm above the ground and weighed separately after drying the samples in a forced air oven at 60°C for 5 d.
Determination of forage nutritive value
Plant samples for nutritive value analysis were taken from individual mature plants immediately after the seed harvest in 2013. In 2015, pooled samples of bloomstage plants were taken from individual plots for nutritive value analysis. The forage samples dried to constant weight at 60°C for 5 d were ground in a Wiley® mill (digital, variable speed ED-5 grinder, Thomas Scientific, Swedesboro, NJ) to pass a 1 mm screen. Forage quality was determined in terms of neutral detergent fiber (NDF; a determinant of feed intake by an animal, with higher values indicating less intake potential) (Saha et al. 2010) , acid detergent fiber (ADF; an index of digestibility) (Saha et al. 2010) , total Kjeldahl nitrogen (TKN), total Kjeldahl phosphorus (TKP), calcium (CaHClO 4 ), and iron (FeHClO 4 ) using standard wet chemistry procedures (AOAC International 2012). The TKN values were converted to CP by multiplying by a factor of 6.25 (Saha et al. 2010) . The concentrations of NDF, ADF, CP, and TKP are reported as a percentage and calcium and iron content as parts per million (ppm) on a dry biomass basis.
Vegetative propagation
A pooled collection of white prairie clover shoots representing the selected plants (with the vigour rating of five and six as mentioned in the 'Data collection' section) of all six populations was taken from the field plots for a vegetative propagation study in June 2015. The experiment was comprised of eight treatments including a half-strength Hoagland's nutrient solution (HS), reverse osmosis water (ROW), and three types of plants growth regulators (PGRs) at two different concentrations, and was replicated six times in a randomized complete block design. The PGRs used were indole-3-acetic acid (IAA), 1-naphthaleneacetic acid (NAA), and indole-3-butyric acid (IBA) dissolved in ROW at 200 and 400 mg L −1 . The HS and ROW were checks to compare the effectiveness of the PGRs. Cuttings planted in an individual planting tray constituted a replicate. Each treatment contained 5-6 cuttings of white prairie clover shoots. The cut ends of the shoots were dipped for 4 h in the abovementioned eight solutions. The cuttings were planted on a solid foam medium (Oasis Horticubes Growing Media, Smithers-Oasis Company, Kent, OH) in propagator trays with transparent dome-shaped covers with two adjustable slits for air exchange. The solid foam medium was underlain with a 2 cm layer of vermiculite for aeration and placed in a growth chamber (Controlled Environments Ltd., Winnipeg, MB) for 4 wk. The foam medium was kept moist throughout the test period and covered with a clear plastic cover for 2 wk. The tray cover was removed after 2 wk to acclimate the plants to ambient humidity conditions. Growth chamber conditions were maintained at 21°C day-19°C night temperatures, with a photon flux density of 250 μmol m −2 s −1 for 16 h. Upon removal of the cover, the plants were kept under lower light (100 μmol m −2 s −1 of photosynthetically active radiation) for 3 d to prevent the young leaves from photo-oxidative damage. Rooted cuttings were transplanted into a soil medium in plastic containers and grown in the greenhouse under a similar environmental regime. The cuttings were assessed for rooting proportion and root vigour while transplanting. The rooting proportion was calculated as the number of rooted cuttings divided by total number of cuttings and by multiplying the fraction by 100. Root vigour was scored on a 1-5 scale, considering both profuseness and length of roots. A third variable referred herein to as rooting index (R-index) was derived by multiplying the rooting proportion and root vigour so that the maximal rooting index value will be closer to 5. A polycross population was created through vegetative propagation of selected plants in the greenhouse. Leaf-cutter bees (Megachile rotundata Fab.) were released at the blooming stage to facilitate pollination in the greenhouse.
Statistical analyses
The experimental data, including plant phenotypic measurements, forage nutritive analyses, and propagation study, were analysed using a generalized linear mixed procedure (PROC GLIMMIX) (Bowley 2015) in SAS 9.4 statistical software. The models included replicate as a random variable and population or treatment as a fixed variable, with the use of a Kenward-Roger degrees of freedom method for bias adjustment, identity link function, and restricted maximum likelihood estimation technique. Mean comparisons were made using the LINES option to the LSMEANS and SLICE statements with the default significance level (α = 0.05) (Piepho 2012) . As the plant phenotypic measurements were done on the same perennial plants for two successive years (2013 and 2014), a repeated measure analysis procedure with the Newton-Raphson Ridge Optimization (Bowley 2015) was adopted for analysing the phenotypic data. Four different covariance structures {compound symmetric (cs), autoregressive order 1 [ar(1)], heterogeneous compound symmetric (csh), and heterogeneous autoregressive order 1 [arh(1)]} were tested for the repeated measure subject, replicate × population. Based on the fit statistics criteria, the arh(1) model showed the best fit and satisfied the convergence criteria for all phenotypic variables. Principal component analysis (PCA) was performed using all phenotypic traits of the six white prairie clover collections using SigmaPlot v14.0.
Results
Environmental conditions
Although April and October displayed more fluctuations in mean monthly temperatures over the experimental period (2012) (2013) (2014) (2015) , this would have less effect on plant performance as these months generally fall outside of the active plant growth period. The wetter spring in 2012 was beneficial for the establishment of the seedlings transplanted in the field. However, relatively dry weather coupled with higher temperatures in July and August of 2012 required supplemental irrigation for successful stand establishment with <1% mortality. In 2013, a slow growth initiation due to drier weather in May was well compensated by vigorous growth due to copious precipitation in June. However, akin to the case of 2012, the plants underwent a period of higher temperature coupled with lower precipitation in the August of 2013. The wetter and cooler conditions in the spring of 2014 provided competitive advantage to cool-season weeds and also predisposed some plants to crown rot symptoms. Alternatively, the dry spring in 2015 caused a significant delay in growth initiation until mid-June. White prairie clover populations showed large variation within the populations in terms of growth stability, persistence, and fitness in the face of erratic moisture regimes.
Morphological characteristics
The populations AB, Douglas, and Stewart showed prostrate to decumbent stems with purplish color (Figs. 2A, 2C , and 2E, respectively). Argyle, Carlowrie, and NCP588 populations had relatively erect and large stems with a greenish color (Figs. 2B, 2D , and 2F, respectively). Leaflets of the later three populations were larger in size with green to dark-green coloration. In all populations, leaves were mostly tri-, penta-or hepta-foliate in nature. The populations also showed distinctive inflorescence characteristics, with Argyle, Carlowrie, and NCP588 having shorter inflorescences with densely arranged florets. The similarity in agro-morphological traits was also reflected by PCA, using all the measured agronomic trait data (Fig. 3) . The first two components of PCA explained about 76% of variation.
The six populations differed for plant height (p < 0.01), canopy diameter (p < 0.01), and number of inflorescences (p < 0.01), but were similar for biomass (p = 0.54) and seed yield (p = 0.69) per plant ( Table 2 ). The erect-type populations Argyle, Carlowrie, and NCP558 had taller plants than AB, Douglas, and Stewart. Statistically, Carlowrie = NCP558 > Argyle > Stewart > AB > Douglas in plant height ranking.
By virtue of relatively prostrate growth habit, AB, Douglas, and Steward had wider canopy diameter. The statistical ranking of the canopy spread was AB = Stewart ≈ Douglas = NCP558 ≈ Carlowrie > Argyle. The prostrate-type populations also had higher numbers of inflorescences than the erect-type populations. The profuse branching behaviour of AB, Douglas, and Stewart is clearly reflected by the inflorescence head count results. All populations showed an increase in biomass yield and seed yield per plant from the second to third year of growth. Considerable seed shattering was observed in all populations, which was more severe in prostrate-type populations.
Plant persistence and growth vigor
White prairie clover populations exhibited differential stand persistence after 4 yr of establishment. Overall, there was 78% survival after 4 yr. Douglas, Argyle, and Carlowrie performed better than average, with survival rates of 88%, 88%, and 84%, respectively (Table 3 ). In contrast, NCP 558, AB, and Stewart displayed poorer stand persistence, with survival rates of 72%, 68%, and 64%, respectively. In the 2014 growing season, some plants in those populations showed dieback with crown rot symptoms.
Individual plant vigour was rated at the blooming stage on a 1-6 scale, where 1 represented the worst vigour and 6 the best. Among the surviving plants, 13% of Stewart, 11% of NCP588, 6% of AB, and 5% of Douglas plants were rated 6 for postbloom vigour. Similarly, 23% of both Douglas and Argyle, 22% of NCP 588, 15% of Carlowrie, 12% of AB, and 6% of Stewart plants had a vigour rating of five (Table 3) . Thus, a selection for plants rated 5 or 6 for population improvement would result in a selection pressure of 17.5% of the total population. With respect to the entire base population, the selected plants displayed selection differentials of 76% for biomass and 45% for seed yield, suggesting great promise for selection gain for productivity (Table 3) .
Forage nutritive parameters
The forage nutritive parameters are presented in Table 4 . The white prairie clover populations differed for NDF values at the bloom stage (p < 0.01) but not at maturity (p < 0.07). The prostrate-type populations AB, Douglas, and Stewart had lower NDF percentages than the erect-type populations Argyle and Carlowrie. However, NCP558, showing erect-type growth, had NDF values similar to the prostrate-type populations. Their NDF mean values in mature biomass were greater by 8%-16% than the mean values of the bloom-stage plants.
The populations differed for ADF values at both bloom (p = 0.04) and maturity stage (p = 0.02). There were no consistent trends in ADF values of the populations from bloom stage to maturity stage biomass. Douglas had the lowest ADF percentage at bloom stage samples, whereas Argyle and NCP558 had the lowest values at maturity stage.
For CP content, the white prairie clover populations differed at the bloom stage (p < 0.01), while remaining at par at the maturity stage (p = 0.53). Douglas showed the highest mean CP percentage, while AB and Argyle showed the lowest values in the bloom stage samples.
At the seed harvest stage, individual plants within each population showed differential senescence or "staygreen" traits of leaves and shoots, which could have generated intrapopulation variability for the NDF, ADF, and CP values.
The populations exhibited differences for TKP content the bloom stage; however, at the maturity stage, there was no difference for TKP content between the populations (p = 0.2). The populations did not differ for calcium content at the bloom stage (p = 0.28), but at the maturity stage, NCP588 had higher calcium content than the other populations (p < 0.01). Similarly, the populations did not show consistent trends for iron content at the bloom and maturity stages. At the bloom stage, Argyle had higher iron content (p = 0.01), while other populations remained at par. At the maturity stage, on the other hand, all prostrate-type populations had higher iron content (p <0.01) than all three erect-type populations. The high correlation (r = 0.74) between canopy diameter and iron content of the populations suggests an association between prostrate growth with darker foliage and iron content.
Vegetative propagation
Due to the lack of prior information on vegetative propagation of white prairie clover, the propagation procedure was standardized through three successive sets of experiments. The rooting treatments differed for both proportion of rooted cuttings (p < 0.01) and rooting index (a product of rooting proportion and rooting vigour) (p < 0.01). IAA at both 200 and 400 mg L −1 strength produced the best success, inducing rooting in 87% of cuttings (Table 5) .
Discussion
The white prairie clover populations displayed differences for growth habit (erect-type vs prostratetype), foliage characteristics (leaf shape and colour), as well as stem pigmentation. A large variation existed for both agronomic and forage nutritive values within and between populations. The coefficient of variation (CV) of different populations ranged from 21% to 32% for plant height, 19% to 28% for canopy diameter, 81% to 104% for number of inflorescences, 79% to 102% for seed yield, and 60% to 83% for biomass yield. Similarly, the CV of different populations for bloom-stage nutritive value parameters such as ADF, NDF, CP, TKP, calcium, magnesium, and iron content ranged from 4% to 11%, 4% to 10%, 5% to 13%, 7% to 17%, 7% to 27%, 4% to 24%, and 17% to 39%, respectively. However, the populations exhibited comparable values for quantitative characters such as biomass and seed yields and some quality parameters because of the variability residing within each population. This means that the native white prairie clover populations retain ample diversity, thereby offering the opportunity to select for uniform maturity, shattering resistance, and desirable plant types.
In this study, a phenotypic selection retaining 17.5% of the total population resulted in a selection differential of 76% for biomass and 45% for seed yield. Assuming that the phenotypic characters have reasonable heritability, the large selection of differential values suggest ample scope for selection gain for biomass and seed yield. In native scurf pea [Cullen australasicum (Schltdl.) J.W. Grimes], a potential new perennial forage legume for dry environments in southern Australia, Humphries et al. (2014) estimated moderate to high heritability for seed production traits. In their study, phenotypic selection of plants resulted in a 193% increase in potential seed productivity and 38% increase in potential edible biomass productivity (Humphries et al. 2014) . The large phenotypic variation exhibited by white prairie clover populations is similar to many other native perennials (Mellish et al. 2002; Ferdinandez and Coulman 2004; Liu et al. 2013b) , which holds great promise for selection gain on desirable traits.
Recovering seeds from white prairie clover stands was important for the population improvement initiative. Therefore, the forage samples were taken from individual plants after harvesting the seeds when most of the inflorescences were mature. A pooled collection of replicated forage samples taken at the bloom stage from the selected plants of each population helped address the curiosity about forage value at the appropriate stage. In the bloom-stage samples, the mean values of major nutritive parameters NDF and CP in different populations ranged from 34% to 41% [±1.07% standard error (SE)] and 15% to 18% (±0.59% SE), respectively, while those values in mature plant samples ranged from 45% to 52% (±1.95% SE) and 6.2% to 7.1% (±0.38% SE), respectively. Obviously, the forage nutritive values were much greater in bloom-stage plants, but the retention of good nutritive value even in mature white clover stands can offer the opportunity of extending grazing season in the late autumn (Zhang et al. 2017) . Iwaasa et al. (2014) reported that the NDF and CP values during the flowering stage of white prairie clover averaged 45.9% (±2.4% SE) and 12.9% (±1.0% SE), respectively. Iwaasa et al. (2014) also showed that white prairie clover had higher organic matter digestibility and CP content than sainfoin both at the vegetative and reproductive stages. In our study, the white prairie clover populations with prostrate growth types were higher in iron content than the erect types at maturity. It is possible that the bluish colouration of the foliage and purplish pigmentation of the stems in the prostrate-type populations are associated with iron-containing pigments (Młodzińska 2009 ). This relationship was reflected by the high correlation (r = 0.74) between canopy diameter and iron content of the populations.
There are several challenges associated with domestication and commercialization of native plant species. The basic preconditions include knowledge of seed germination requirements (Fountain and Outred 1991; Rowarth et al. 2007 ), biotic and abiotic stress tolerance, methods of plant establishment, managing competition, complementarity or symbiosis, plant harvest, and storage and market accesses for both inputs and products (Butler and Muir 2012; Muir et al. 2014) . Following the release of the Antelope tested class germplasm in 2000 (Wynia 2008; DePue and Englert 2015) , more information is emerging on the aspect of seed germination (MolanoFlores et al. 2011; Schellenberg and Biligetu 2015) , rhizobial inoculant (Beyhaut et al. 2014) , forage and seed yields (McGraw et al. 2004) , and forage nutritional quality (McGraw et al. 2004; Iwaasa et al. 2014; Li et al. 2014) .
Seed germination is one of the important constraints to the domestication of white prairie clover. In our study, seed emergence was very low even in a wellcared greenhouse environment. One of the collected populations had to be dropped from the experimentation due to emergence failure. Maximal seed germination recorded in earlier studies was 41% (MolanoFlores et al. 2011; Schellenberg and Biligetu 2015) . Consequently, white prairie clover had a poorer stand establishment ) and substantially lower biomass productivity in the fourth year of forage swards including 7 monocultures, 21 two-species mixtures, and a mixture with all species (Serajchi et al. 2015) . Further studies need to be focused on the aspect of seed augmentation (Taylor et al. 1998; Paparella et al. 2015) for enhancing germination and establishment success. Note: The values are expressed as least square mean ± standard error. Means followed by the same lowercase letter within a column are not significantly different at α = 0.05. Measurements were taken from each individual surviving plant from each population across five replicates. Pollination and seed set was satisfactory in all white prairie clover populations in our study. However, seed shattering was a concern for seed production, and this was even more severe in prostrate-type populations. Most vigorous plants had mostly prostrate and longer branches with heavy foliage to the top of the plants, leaving the plants lying on the ground, which in turn caused excessive shattering loss of the seed. This was the cause for the selection differential of the seed yield of AB to be negative. Until effective genetic improvement in this character is realized, efficacy of growth regulators (Child et al. 1999; Keating 2014 ) and other agronomic measures to enhance seed retention in mature plants need to be explored.
The white prairie clover populations exhibited variable persistence over three growing seasons. In the fourth year after plant establishment, plant survival in different populations ranged from 64% to 88%. In 2014, a relatively wet year, some plants exhibited partial drying of branches at various stages of their growth. The crowns of the affected plants appeared to be partially rotted. Similar die-off symptoms observed in a white prairie clover seed plots in Montana were attributed to the damage caused by cerambycid larvae [Megacyllene angulifera (Casey)] (Blodgett et al. 2005) . Upon examination of the dead root crowns of the field-grown slender white prairie clover, Blodgett et al. 2005 found that approximately 10% of the root crowns had extensive damage from a cerambycid larva, and pupae were present from 1 to 4 cm below the soil surface in taproot tunnels. The area of distribution of M. angulifera includes Alberta, Saskatchewan, Manitoba, North Dakota, South Dakota, Kansas, and Colorado (Blodgett et al. 2005 ). Therefore, it No. of samples
Note:
The values are expressed as least square mean ± standard error. Means followed by the same lowercase letter within a column are not significantly different at α = 0.05. The maturity stage samples were taken from each individual plant from each plot across five replicates in 2013. The bloom stage samples were pooled together from the selected individual plants for each plot in 2015. For bloom stage sampling, Argyle, Carlowrie, and Douglas were represented from all five replicates; AB and Stewart were represented from four replicates; and NCP558 was represented from three replicates, because the samples were taken from the selected plants only. 0.87 ± 0.036a 2.17 ± 0.599a IAA 400 mgL Note: The values are expressed as mean ± standard error. Means followed by the same lowercase letter within a column are not significantly different at α = 0.05. The number of samples includes the total number of cuttings under all treatments across six replicates. may be the same cause for plant die-off observed in our study. It is not known if there is any resistance to cerambycid feeding in white prairie clover, but selecting more vigorous and persistent plants could improve the tolerance level of the population.
Another aspect of overcoming constraints to establishment and stand persistence is rhizobial inoculation for symbiotic nitrogen fixation. Rhizobial inoculation was proven to be beneficial and information about appropriate delivery of the inoculum to the plant stand is now available (Graham 2005; Beyhaut et al. 2014) . Reportedly, the rhizobia strain NGR234 elicits nodulation with more than 100 different hosts, including white prairie clover (Pueppke and Broughton 1999) . Further study is needed to isolate effective local strains and also explore the efficacy of promiscuous strains of rhizobia, such as NGR234, with white prairie clover under field conditions.
With a series of attempts, this study standardized a successful procedure for vegetative propagation for multiplying selected plant material. Vegetative propagation with autumn regrowth failed to produce roots in a large proportion of the cuttings. The failure of regeneration of the autumn sprouted cuttings was presumably attributable to the physiological state of the mother plants, which were preparing for dormancy, and hence the cuttings lacked the regenerative requisites (Pop et al. 2011; Beyl and Sharma 2015) .
Pollination became a constraint for greenhouse seed production from the selected cuttings. The activity of leaf cutter bees was not at an effective level for pollination during the winter months in the greenhouse. Further studies are needed towards effective greenhouse pollination of white prairie clover for enhancing breeding cycles.
Being a warm-season species, white prairie clover has less competitive advantage in the temperate plant community. A proportionate mixed stand of erect-and prostrate-type populations may play a complementary role in capturing light resources and securing effective ground cover, thereby competing with weeds. This aspect needs to be pursued with further studies.
